Biological and serological properties of a simian agent (strain MK5) were investigated and it was shown to be a type I foamy virus. Grids prepared from cells lysed with sodium phosphotungstate were satisfactory for demonstrafing the virus and, using this technique, the standard virus particle was found to be IIOO A in diameter. It was composed of an envelope with I25 A projections with an internal component 725 A in diameter. Variations in the morphology of the virus are described. The structure of foamy agents types I to 3 x~as indistinguishable from that of MK 5.
INTRODUCTION
Simian foamy agents are viruses from monkeys and apes which form syncitia in tissue cultures, produce no demonstrable intracytoplasmic or intranuclear bodies, and fail to exhibit haemagglutination or pathogenicity for day-old mice or hamsters (Rogers et aL I967). An agent (strain MK5), which was isolated from Indian rhesus monkey kidney cultures and possessed at least some of these properties and appeared to belong to the foamy virus group, was described by Clarke et al. (I967) . This agent differed morphologically from five strains of foamy virus described by Jordan, Plummer & Mayor (I965) . Foamy agents, however, have been shown to belong to at least two serological types (Johnston, I960 , and a third type has been reported by Stiles, Bittle & Cabasso 0964). More recently, further strains have been isolated (Rogers et al. I967) , although these have not yet been described in detail. The five strains of foamy virus examined by Jordan et al. (1965) included one which was serologically type i, but the morphology of no other known serotype has yet been described. The biological and morphological relationship of ~g 5 to foamy agents is described here.
METHODS
Viruses. Virus was propagated five times at limit dilution and a pool was prepared by adding I o.o ml. of undiluted fresh uncentrifuged virus suspension to 3"o × I o ~ HEp 2 cells in 4 ° ml. of Eagle's medium containing IO% tryptose phosphate broth and IO % calf serum (ETC). The cells were incubated in a rotating bottle until the majority of them became detached from the glass. The cell suspension was frozen and thawed once, centrifuged lightly to remove cell debris and stored at -2o °. The highest titre obtained by this technique was 7.2 x io a TCD 5o/ml.
Strains of foamy virus types I to 3 were supplied by Dr Cabasso of Lederle Laboratories. They were grown in primary rabbit kidney and HEp2 cells using 5 x ~ in. rolled tubes. During the first propagation, syncytia were produced in rabbit kidney cultures within 7 days, and by 14 days most cells appeared to be infected. In HEp2 cells all strains produced syncytia within 7 days, but foci of infection, especially of type 3 virus, spread slowly, so cell cultures were divided and refed. This process was repeated once or twice until most cells appeared to be infected. Since this did not involve infection of fresh cells it was regarded as the first virus pass. Pools of foamy virus types I and 2 were prepared in HEp2 cells from 2nd pass virus as described for strain MK 5 except that occasionally thick monolayers had to be divided into three.
Animal inoculation. Seven litters of new-born mice were inoculated intracerebrally, intraperitoneally or by both routes, using not less than I oo TCD 50 of virus in 0.02 ml. Seven new-born hamsters were inoculated intraperitoneally with IOOO TCD5o of virus.
Serology. Immune goat sera of known titre against all three types of foamy virus were supplied by Dr Cabasso. Antiserum to MK5 was prepared in guinea pigs by repeated intramuscular inoculation. Neutralization tests were performed by mixing 0.6 ml. of undiluted virus pool with an equal volume of serum dilution in ETC medium. This was incubated at 37 ° for I hr and 0"5 ml. was added to each of two 5 x~in. tubes along with 0"5 ml. of HEp2 cell suspension. The tubes were kept stationary overnight at 37 ° and the fluid was then replaced by 3"0 ml. of fresh ETC medium since some antisera were toxic at low dilution. The tubes were incubated for 9 days and examined daily for CPE. During this period the medium was replaced at three-day intervals by Eagle's medium containing 1% calf serum.
Electron microscopy. Infected cells grown in rolled tubes were used for electron microscopy. Medium was drained from the tube and the cells were rinsed briefly with 5 ml. of water; o.I ml. of 4.0% sodium phosphotungstate pH 7.0 was then added and the tubes shaken intermittently for a few min. until cell lysis occurred. Lysis was accompanied by an increase in viscosity which in the case of HEp2 cells was counteracted by adding phosphotungstate to 0"5 ml. vol. Grids were normally prepared immediately from the lysate, but storage of the fluid at 4 ° for several days did not significantly affect the results. Carbon-coated grids were placed on a fixed vertical cylindrical bar of slightly smaller diameter than the grid and the virus preparation was applied directly with a loop. This was superior to the technique described previously (Clarke et aL 1967) when several grids had often to be searched before recognizable virus particles were found. All specimens were examined using an AEI electron microscope, type EM6B.
RESULTS

Animal inoculation
No pathogenicity of strain MK 5 for mice was demonstrated, although an occasional baby mouse died up to 2 days after inoculation. Strain MK 5 has had no demonstrable effect on baby hamsters which have so far been observed for 7 months after inoculation.
Serology
The results of cross-neutralization tests indicated that strain MK 5 is a type I foamy virus (Tables I, 2 
Electron microscopy
In initial experiments, using techniques described earlier (Clarke et al. 1967) , virus was seldom seen until at least 3 days after the appearance of cytopathic effect, but could be demonstrated when the cells were harvested at a late stage of infection. It appeared to be present only in small amounts and was usually seen in groups entangled with debris which decreased the resolution. Virus was more readily found when the cells were lysed with phosphotungstate, which partly freed it from cell debris. The virus was often seen in groups. The morphology of strain MK5 was partially described by Clarke et al. (1967) . The standard particle is Iioo_ Ioo ~, in diameter and covered by projections. Some of these particles are shown in P1. I, fig. I , where the projections can be seen not only at the periphery but also on the upper surface. In most particles, however, the centre remained unresolved and the projections could be seen only at the periphery (P1. t, fig-3 ). Forms of virus were also found which were larger than the standard particle. These were variable in shape and tended to look like a short twisted chain of spheres (P1. I, fig. I ). Occasionally two viruses were seen apparently joined by a bridge (P1. I, fig. 4 ), but more frequently larger structures occurred which were more nearly spherical (P1. I, fig. 3 ). A small proportion of complete particles had short tails (P1. I, fig. 2 ) which gave the virus a tadpole-like appearance. When penetrated by stain the standard particle was found to contain an internal component, and occasionally particles were noted in which this was visible, although the envelope was still relatively intact (Pl. I, fig. 3 )-The inner component was better resolved, however, when the envelope had broken during the drying process. Such a particle is shown in PI. 2, fig. 6 , where the envelope can be identified by its projections and the internal component appears as a ring which has been penetrated by stain. The projections measured I2 5 _ 2 5 ]k and tended to look longer on broken envelopes than they did when measured on unpenetrated particles. The morphological forms of strain Mr: 5 virus described above, all of which include an envelope, have been found in many though not all preparations of virus grown in HEp 2 cells. The internal component, however, has been seen in all preparations of infected HEp2 cells which were examined more than 3 days after cytopathic effect was noted. This component measured 725 + 50 .~ and was often seen in groups (P1. 2, fig. 7 ). A few looked hexagonal (PI. 2, fig. 6 ), while the majority appeared as rather featureless shells penetrated by stain. The shell structure was often marked by an unstained line between its inner and outer surfaces. No regular substructure has been demonstrated even in broken particles. HEp2 cells infected with a limiting dilution of virus, as estimated by cytopathic effect, were examined and found to contain virus particles while, just beyond this dilution, repeated examination failed to reveal any virus-like structures. Cultures challenged with a mixture of strain MK5 virus and twofold dilutions of antiserum to type I foamy virus were examined after prolonged incubation and no virus particles were seen except at dilutions of antiserum beyond the neutralizing end point.
Foamy viruses
All three foamy viruses were seen in both primary rabbit kidney and HEp2 cells at first pass. They appeared morphologically identical and could not be distinguished from MK 5.
DISCUSSION
The conclusion that strain MK5 is a simian foamy agent is consistent with its source, the type of cytopathic effect which is produced in monkey kidney tissue culture, its failure to exhibit haemadsorption with a variety of erythrocytes (Clarke et aL I967) , and its lack of pathogenicity for new-born mice and hamsters. It was isolated from an Indian rhesus monkey kidney culture and found to be serologically type I. This agrees with the report of Stiles et al. (I964) who found that all of 45 foamy agents isolated from these monkeys belonged to that serological type.
Plummer (1962) was unable to demonstrate foamy viruses in monkey kidney culture by negative staining and attributed this to the fact that the virus grew to low titre. Normal methods of negative staining were satisfactory in our hands only when the original culture was examined. After the morphology of the virus had been established in these preparations, however, it was seen in all kidney cultures which were harvested at a late stage and exhaustively examined using several grids. It is unlikely that the difficulty in demonstrating the agent is entirely due to a low concentration of virus since grids prepared from cells lysed in phosphotungstate contained particles at a concentration which, though not high, was adequate for routine demonstration of the virus and was in all cases higher than that obtained by other techniques tested.
The most striking feature of strain MI~ 5 grown in HEp2 ceils when examined by negative-staining techniques was its pleomorphic appearance and the standard particle, which measured IIOO .~, was found only as a small minority of the particles which were recognizable as viral. Many viruses were larger than I IOO ,~ and some looked as though they had been formed by the fusion of standard particles, but our preliminary results with sectioned cells suggest that envelopes containing more than one internal component are formed by premature release from the cells of adjacent budding internal components. We use 'premature' in the sense that it would be surprising if the process of budding could continue to the extent that standard particles The morphology of simian foamy agents 189 were formed outside the cell. The pleomorphism of the virus grown in HEp 2 cells may be associated with the change of host, but if so the yield of infectious virus is as high as that reported in monkey kidney cultures (Plummer, 1962 ) .
The fine structure of the internal component of foamy agents is problematical. It has been reported that the substructure of this component was difficult to resolve by conventional techniques (Clarke et al. 1967) . Some particles look hexagonal (P1. I, fig. 6 ) and this would normally indicate that the component is an icosohedral capsid. The conclusion that a capsid of cubic symmetry is presen t may not be valid, since repeated attempts to demonstrate either capsomeres or a clearly defined substructure have not been successful. Similar results have been obtained with Bittner virus by Almeida, Waterson & Drewe (1967) , who reported that the internal component of that agent examined by negative staining measured 775 -+ 25 ~, which is in reasonable agreement with the results obtained for foamy agents (725 + 25 ~).
The structure of the foamy agents described in this communication appears to be at variance with the description given by Jordan et al. (1965) of the fine structure of five foamy agents. These resembled myxoviruses and contained an inner helical component IOO to 12o ~, in diameter, and although the particles were easily disrupted, no spherical internal component was reported. We conclude that either our methods of extraction failed to release a helical component or that the viruses examined by Jordan et al. (1965) belonged to a different group.
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EXPLANATION OF PLATES
From preparations of a foamy virus (strain MK 5) grown in HEp z cells. PLATE I Fig. I . Standard virus particles and short chains of virus which can be seen ~o be covered by projections. Fig. 2 . Two virus particles with short tails can be seen. Fig. 3 . Many standard particles can be seen which are stained only at the periphery where projections are visible. One particle (arrow) is penetrated by strain, to reveal an internal component. Several larger unpenetrated particles are seen which probably contain more than one internal component. A large almost empty envelope with projections is shown at the bottom right of the micrograph. Fig. 4 -Two particles are shown which appear to be either fusing or breaking apart (see text). PLATE 2 Fig. 5 . A large envelope with projections is seen which contains many internal components. Two unpenetrated particles are shown (arrow) at the top of the micrograph. Fig. 6 . A single virus particle with a broken envelope shows an internal component which looks hexagonal. It is associated with a poorly resolved particle on the left. Fig. 7 . A typical group of internal components. No regular substructure is seen. Some particles show an unstained line in the shell.
